It is increasingly accepted that most, if not all, conventional cytotoxic cancer therapies rely upon eliciting programmed cell death (apoptosis) in the tumor cells, a process regulated principally by the BCL-2 protein family (1) . Interactions among the members of this family serve as a switch determining whether the cell will live or die. In response to intracellular damage, the distant cousins of BCL-2, called BH3-only proteins because they bear only the third of the four BCL-2 homology domains that characterize this family, are activated and convey the cell death warrant. They use their BH3 domain to engage and neutralize their prosurvival relatives, e.g., BCL-2, BCL-x L , and MCL-1, keeping these cell guardians from restraining the family's critical effector proteins, BAX and BAK. Once the guardians have been overcome, certain potent BH3-only proteins (e.g., BIM) can also directly activate BAX and BAK, which then damage the mitochondria and unleash the proteolytic cascade that culminates in cell death (1) .
The prospects of BH3 mimetics
Oncologists have long dreamed of drugs that would directly flip the apoptotic switch in cancer cells. That dream inspired the development of the first BH3 mimetic drugs (reviewed in refs. 1, 2), the best studied of which are ABT-737 (3) and its orally bioavailable derivative ABT-263 (4). These drugs are specific for certain prosurvival BCL-2 family members; for example, they bind BCL-2 and BCL-x L with high affinity but not MCL-1 ( Figure 1A) . Consequently, as single agents they kill cells whose survival depends primarily on BCL-2 and/or BCL-x L but not those containing sufficient MCL-1 to restrain BAX, unless another agent inactivates or eliminates MCL-1 (5). The many promising preclinical findings with ABT-737 and ABT-263 have led to clinical trials of the latter. Notably, with chronic lymphocytic leukemia, which is sustained by high levels of BCL-2, ABT-263 has shown substantial efficacy as a single agent in one-third of patients, even in cases refractory to all conventional therapies and with poor prognostic markers (6) .
In vitro and in vivo, ABT-263 and ABT-737 can greatly augment the action of diverse conventional chemotherapeutics (3, 4) , most likely because those agents diminish active MCL-1 levels, but which drug combinations will be tolerable in the clinic remains unclear. For example, the ability of ABT-737 and ABT-263 to engage BCL-x L , which is the principal guardian of platelet survival (7), provokes a transient thrombocytopenia, and that has proven to be the dose-limiting toxicity for ABT-263 (6). Consequently, a novel BH3-mimetic highly specific for BCL-2 (ABT-199), which has recently entered clinical trial, should permit higher doses and have even greater promise for chronic lymphocytic leukemia and other diseases sustained by BCL-2 (1).
Eventually, BH3 mimetics that effectively target other family members (e.g., MCL-1) are likely to be developed, but the path to such agents is arduous, because as yet no defined organic skeleton adequately mimics the a-helix assumed by the 16- to 26-residue BH3 domain upon binding to the hydrophobic groove on the surface of its prosurvival relatives. Hence, the development of a new BH3 mimetic typically commences with screens of some 10 6 chemical building blocks for binding to the BCL-2 family protein target; the resulting weak "hits" must be modified iteratively over many months or even years in myriad ways to obtain compounds with the high affinities (low nM range) of the BH3 peptides, and many such candidates prove to have unsuitable pharmacology or toxicology.
BH3 peptides: potential and limitations
Could this grueling route be truncated by using modified forms of the BH3 peptides themselves as anticancer drugs? That is the intriguing issue addressed by LaBelle et al. in this issue of the JCI (8) . This group, directed by Loren Walensky, has previously developed forms of BH3 peptides in which a hydrocarbon staple bridges two nonessential residues separated by a helical turn to force the peptide into the a-helical conformation that favors binding to BCL-2 family members (ref. 9 and Figure 1B) . These so-called stabilized a helix of BCL-2 domains (SAHBs) are more stable than their unmodified counterparts and, unlike them, are readily taken up by cells (9) . In previous studies, this group has shown that SAHBs derived from two of the most potent BH3-only proteins, BIM and BID, bind transiently to BAX and trigger the conformational changes that allow BAX to oligomerize and permeabilize the mitochondrial outer membrane (10, 11) . Unexpectedly, the trigger site on BAX was mapped not to the hydrophobic groove resembling that in the prosurvival proteins but instead to a distal "rear site" ( Figure 1B) .
LaBelle et al. explore the therapeutic potential of a BIM SAHB (8) . As expected from studies with unmodified BIM BH3 peptides (12, 13) , the BIM SAHB, but not a point mutant control, bound in vitro with high affinity to all the prosurvival family members tested ( Figure 1B ). It was then tested on five cultured hematopoietic tumor cell lines that are relatively resistant to ABT-263. As well as entering the cells, the BIM SAHB, but not the mutant control, localized predominantly to the mitochondria, where many BCL-2 family members congregate. Notably, at low mM levels the BIM SAHB killed the cultured tumor cells but not nontransformed fibroblasts, and the cell death had all the hallmarks of apoptosis. However, the resistance of the fibroblasts calls into question the potency of the BIM SAHB, because BIM overexpression readily kills mouse fibroblasts (and many other cells), as does ABT-737 if MCL-1 is inactivated or deleted (5). Thus, it appears that the BIM SAHB does not encapsulate the full activity of the BIM polypeptide.
In the experiments most pertinent to clinical potential, mice bearing a human leukemia graft were treated with the BIM SAHB, both as a single agent and together with other cell death stimuli. On its own, the BIM SAHB retarded tumor growth significantly, albeit modestly (50%). In combination with TRAIL, which elicits apoptosis through the extrinsic pathway, the peptide showed marked synergy. Its combination with ABT-263 also significantly slowed tumor growth, albeit not as dramatically as might have been expected, given that approximately 90% of cells were killed in vitro. As the mice received only a fixed SAHB dose, one wonders whether a several-fold higher level would have given a more marked result.
The study also assessed whether the BIM SAHB could reverse the lymphocytosis induced by knocking out the Bim gene (14) by treating mice whose hematopoietic compartment had been reconstituted with BIM-deficient cells. In the untreated mice, BIM-null B lymphocytes infiltrated the liver and kidney, perhaps because the absence of BIM allowed them to survive in these foreign environments without their normal cytokine support. The SAHB treatment killed many of these invading cells but not cells in the surrounding liver and kidney parenchyma. The treatment did not, however, ameliorate the increased spleen weight provoked by the absence of BIM. This suggests that, at least with the dosage used, the BIM SAHB incompletely restored BIM function.
A window for peptide therapy?
A particular concern about any therapy designed to stimulate cell death, whether through a BH3 mimetic or a SAHB, is that some normal tissues may be damaged unacceptably. It is therefore interesting to note that the SAHB treatments, alone or together with ABT-263, did not lower white blood cell numbers or body weight. This suggests that, at least for the moderate doses used, the treatment might be safe. Unfortunately, platelet numbers were not examined, as inhibition of BCL-x L by the SAHB would be expected to induce transient thrombocytopenia (7) .
In conclusion, the work of LaBelle et al. suggests that stapled BH3 peptides could
Figure 1
Contrasting pharmacologic strategies for reactivating cell death in refractory hematologic malignancies with a BH3 mimetic compound or a stabilized BIM BH3 peptide. (A) Because the BH3 mimetic ABT-263 effectively neutralizes BCL-2 and BCL-xL but not MCL-1, it is very effective as a single agent for malignancies in which BCL-2 or BCL-xL is the dominant guardian restraining BAX but not those in which MCL-1 can still restrain BAX and prevent apoptosis. (B) LaBelle et al. have investigated the apoptotic potential of a hydrocarbon stapled BH3 peptide (SAHB) from the protein BIM, which broadly targets BCL-2 family proteins and can directly activate BAX as well as neutralize all its prosurvival relatives. In principle, the BIM SAHB could be more potent than a more specific BH3 mimetic, and, indeed, it proved to augment killing of hematologic tumor cells refractory to ABT-263, suggesting that such peptides might have potential as anticancer therapeutics.
become a new weapon for the oncologist's armamentarium. An agent like BIM SAHB that targets the full panoply of prosurvival guardians, and is expected to also promote BAX activation directly, might have been expected to decimate many normal tissues. That was not observed under conditions in which a substantial proportion of tumor cells were killed. Presumably, the malignant cells are more sensitive than many normal cells, because the stresses induced by their disturbed cell cycle checkpoints have rendered them primed for apoptosis (13) , perhaps by increasing their level of BIM. Thus, the results of the work by LaBelle et al. suggest that there may well be a therapeutic window for peptides like the BIM SAHB in treatment of refractory leukemias.
